Objectives: Validated assessment tools are required to support competencybased education. We aimed to assess the reliability and validity of the Gastrointestinal Endoscopy Competency Assessment Tool for Pediatric Colonoscopy (GiECAT KIDS ), an instrument developed by 41 North American experts using Delphi methodology. Methods: GiECAT KIDS consists of a 7-item global rating scale (GRS) and an 18-item checklist (CL). An attending physician assessed 104 colonoscopies performed at 3 North American hospitals by 56 endoscopists, including 25 novices (<50 previous procedures), 21 intermediates (50-250), and 10 advanced endoscopists (>500). Another observer rated procedures to assess interrater reliability using intraclass correlation coefficient (ICC). Test-retest reliability was measured with ICC comparing endoscopists' first and second procedure scores. Discriminative validity was examined by comparing experience level with scores. Concurrent validity was assessed by correlating scores with colonoscopy experience, cecal and terminal ileal intubation rates, and physician global assessment. Conclusions: The GiECAT KIDS demonstrates strong reliability and validity as a measure of performance of pediatric colonoscopy that can be used to support training and assessment.
A round the globe, postgraduate medical education is implementing competency-based reforms, shifting training from a time and process-based paradigm to an educational process intended to result in demonstrated training outcomes (1) . Competency-based education implies that residents remain in training until they have acquired the requisite core knowledge, skills, and attitudes and can apply them independently (2) . Despite the defined movement toward competency-based curricula and outcome evaluation, there remains a paucity of rigorously developed and validated tools across a number of disciplines, including pediatric endoscopy.
Competence in pediatric colonoscopy requires specialized training and practice (3) . Delivery of safe and high-quality endoscopic care requires proficiency in 3 main competency domains: technical (psychomotor), cognitive, and integrative competencies (eg, diagnostic reasoning and communication) (4) . Integrative competencies are higher-level competencies required to perform a procedure that complement an individual's technical skills and clinical knowledge to facilitate effective delivery of safe and appropriate care in varied contexts. Present North American licensure requirements (5, 6 ) include end-of-training examinations but no formal assessment of endoscopic competence. During training, endoscopic skills are typically evaluated as part of in-training evaluation reports (ITERs) that summarize a trainee's performance during a clinical rotation. ITERs, however, have been shown to suffer from poor reliability and are prone to recall bias and ''halo'' effects, whereby performance in 1 area can bias judgment in other aspects of performance (7) . In addition, ITERs provide learners with summative reports, instead of specific information that can be used as feedback to monitor and modify performance and improve learning (8) . Log books, used by endoscopists to record their clinical experiences, are another common assessment method; however, the objectivity and accuracy of the records have been questioned (7, 9) . In addition, case logs reflect procedural volume, which is not necessarily indicative of operative ability because individuals learn at different rates (10) .
An ideal tool for the assessment of endoscopic competence should be feasible, reliable, valid, acceptable, and cost-effective and achieve a desirable educational impact (11) . Tools to measure clinical ability in performing colonoscopy have been produced, but there is at present no measure of endoscopic competence that has been validated specifically within the pediatric context. Use of the Delphi consensus technique enabled our group to develop the Gastrointestinal Endoscopy Competency Assessment Tool for Pediatric Colonoscopy (GiECAT KIDS ), a pediatric-specific measure of endoscopic competence that is reflective of practice across North America and was designed to assess procedure-related technical, cognitive, and integrative competencies in a continuous fashion throughout training (12) . The objective of the present study is to assess the reliability and validity of the GiECAT KIDS for use in evaluating the competence of clinicians performing colonoscopy in pediatric patients in the clinical setting.
METHODS
The present study was a prospective North American multicenter study designed to assess the reliability and validity of the GiECAT KIDS . Ethical approval was obtained from The Hospital for Sick Children's research ethics board, University of Toronto research ethics board, and Boston Children's Hospital's institutional review board. The Children's Hospital of Philadelphia's institutional review board granted ethics exempt status as a quality improvement project. Informed consent was obtained from all of the participants where required.
Participants
Study participants were pediatric gastroenterology fellows and faculty from 3 North American academic teaching hospitals. Purposive sampling was used to recruit participants for a novice, an intermediate, and an advanced group according to prespecified procedure volume criteria, which were based on present credentialing guidelines and a literature review of endoscopic competence (13) . Novice endoscopists were defined as individuals who had performed <50 previous colonoscopies. Participants were considered intermediate endoscopists if they had performed between 50 and 250 colonoscopy procedures. Advanced endoscopists were those who had performed >500 colonoscopies.
Performance Measure
The GiECAT KIDS was developed by a panel of 41 pediatric endoscopy experts from 28 centers across North America using Delphi consensus methodology (12) . It is composed of a global rating scale (GRS) that assesses more holistic aspects of the skill and a highly structured checklist (CL) that outlines key steps required to complete the procedure (Appendix 1, http://links.lww. com/MPG/A441). The GRS rates 7 domains (technical skill, strategies for scope advancement, visualization of mucosa, independent procedure completion [need for assistance], knowledge of procedure, interpretation and management of findings, and patient safety) using a 5-point Likert scale with descriptive anchors reflective of the degree of autonomy demonstrated by the endoscopist (ie, the degree to which the endoscopist required verbal and/or hands-on guidance to complete the task(s)). The sum of scores of each of the 7 items yields a total score from 7 to 35, with higher scores reflecting a better performance. The 18-item CL scores each item on a dichotomous scale (1 ¼ performed correctly or 0 ¼ not performed/performed incorrectly) with total score ranging from 0 to 18, modeled after a previously validated CL scoring system used in general surgery (14) .
Data Collection
Each endoscopist was assessed in real time performing 2 colonoscopies, <2 weeks apart, in the clinical setting. Novice and intermediate endoscopists were gastroenterology fellows supervised by an attending endoscopist who provided verbal and/or hands-on guidance and/or took over any part of the procedure as per usual practice. The endoscopist's performance during each colonoscopy was assessed by 1 experienced attending endoscopist using the GiECAT KIDS assessment tool. There were different assessors for different endoscopists. Before using the GiECAT KIDS for the first time, a trained observer reviewed the items with each assessor. Raters were encouraged to read the description of each domain and to use the full range of responses, but no formal rater training was undertaken. Using 5-point Likert scales, the assessor was also asked to provide an overall physician global assessment (PGA) of endoscopic competence and an overall global assessment of the endoscopist's technical, cognitive, and integrative skills. A second trained observer (site leads) rated a subset of procedures independently to determine interrater reliability.
Participants completed a demographic questionnaire including level of training (if applicable), hand dominance, sex, number of years performing colonoscopy, an estimate of their experience in performing colonoscopy, and their independent cecal and terminal ileal intubation rates based on the previous 20 colonoscopies they had performed.
Reliability Analysis
Three measures were used for the analysis of internal structure of the GiECAT KIDS : item-total correlations, interitem correlation, and internal consistency (using Cronbach a and KuderRichardson formula 20 for the GRS and CL, respectively) (15) . Internal structure of the GiECAT KIDS was also analyzed by comparing an endoscopist's total combined score for the technical (GRS items 1-4, 7; CL items 5-11), cognitive (GRS item 5, CL items 1, 3, 5, 12, 13, 15), and integrative (GRS items 6, 7; CL items 1, 2, 4, 14-18) items with their respective overall physician global ratings of technical, cognitive, and integrative skills using Pearson productmoment correlation coefficient. Total CL and GRS scores were also correlated using Pearson correlation coefficient.
Interrater reliability was assessed based on the 2 GiECAT KIDS scores assigned independently by the attending endoscopist and trained observer for a single colonoscopy procedure. Interrater reliability was determined by the intraclass correlation coefficient model 1 (ICC 1,1 ) using a 1-way random-effects model for both single measures (individual rater) and average measures (the average of 2 raters' scores) for the total GiECAT KIDS , GRS, and CL scores (16, 17) . This model is suitable when each participant is assessed by a different set of randomly selected raters, and it ensures generalizability of the findings to other raters with similar characteristics (16, 17) .
Test-retest reliability was established by comparing the GiECAT KIDS scores given for an endoscopist's first and second procedures. Test-retest reliability of the total GiECAT KIDS , GRS, and CL scores was assessed using the intraclass correlation coefficient model 2 (ICC 2,1 ) using a 2-way random-effects model (participant by procedure, single measures) and the absolute agreement definition (16, 18) .
Validity Analysis
Only data from each endoscopist's first procedure were included in the validity analysis to avoid bias because 2 procedures were not captured for all of the participants. Discriminative validity of the GiECAT KIDS was assessed by comparing the total GiECAT KIDS , GRS, and CL scores of novice, intermediate, and advanced endoscopists using separate Kruskal-Wallis tests with post hoc Bonferronicorrected Mann-Whitney U pairwise comparisons. In order to further evaluate discriminative validity, receiver operating characteristic (ROC) curves were generated to assess the ability of the GiECAT KIDS to differentiate between endoscopists who were assigned an overall rating of ''competent'' (PGA score of 4 or 5) and those who were deemed not yet competent (PGA score of 1, 2, or 3).
To examine concurrent validity, total GiECAT KIDS , GRS, and CL scores were correlated, using Spearman correlation coefficient, with colonoscopy experience, cecal intubation rates, terminal ileal intubation rates, and PGA of skill. Finally, the total GiECAT KIDS , GRS, and CL scores were plotted against procedure numbers.
Statistical Analysis
All of the statistical analyses were performed using SPSS version 20.0 (IBM SPSS Statistics, Armonk, NY). A P value of 0.05 was considered statistically significant. Sample size was determined based on the number of participants required to obtain statistically significant differences in the scores of novice, intermediate, and advanced endoscopists in the analysis of discriminative validity. A power calculation was performed a priori based on work with the objective assessment of technical skills, a surgical direct observation assessment tool (14) . Using power of 0.8, an a of 0.05, and an effect size of 0.6, the minimum required number of participants for each group was 10; therefore, recruitment continued until data had been collected on at least 10 endoscopists per group.
RESULTS
Data were collected on 104 colonoscopies performed at 3 North American teaching hospitals by 56 endoscopists, comprising 25 novices, 21 intermediates, and 10 advanced endoscopists. The characteristics of the cohort are displayed in Table 1 
Reliability Analysis
Internal consistency was 0.98 for the GiECAT KIDS GRS, with a values ranging from 0.97 to 0.98 when each item was deleted. Interitem correlations for the GRS ranged from 0.77 to 0.92, and item-total correlations ranged from 0.87 to 0.95. Item discrimination statistics for the GRS are provided in Table 2 along with the correlation between each item and overall PGA of skill. Internal consistency was 0.87 for the GiECAT KIDS CL and was also found to remain consistent when tested against deleting each CL item (a values 0.85-0.87). There was a high degree of correlation between the total combined technical, cognitive, and integrative item scores and the overall physician global ratings of technical, cognitive, and integrative skills with correlation values of 0.94, 0.85, and 0.91, respectively (P < 0.001). A significant positive correlation was found between total GRS and CL scores (r ¼ 0.88, P < 0.001).
Attending endoscopist's and observer's evaluations were obtained for 22 colonoscopies (11 novice and 11 intermediate endoscopists). The interrater reliability for the attending and observer was high for the GiECAT KIDS total, GRS, and CL scores (Table 3) . A total of 48 of the 56 endoscopists were assessed performing 2 colonoscopies (21 novices, 20 intermediates, and 7 advanced endoscopists). The mean time between an endoscopist's first and second procedures was 3.70 AE 4.98 days. The test-retest reliability coefficients for the GiECAT KIDS were excellent for total, the GRS, and CL scores (Table 4) .
Validity Analysis
Analysis of total GiECAT KIDS scale scores showed a significant main effect of group (novice, intermediate, advanced; Kruskal-Wallis ¼ 42.35 2 , P < 0.001, h 2 ¼ 0.77; Table 5 ). Post hoc analysis revealed that total GiECAT KIDS scale scores differed significantly between each group (P < 0.001). GRS scores also increased with the level of expertise (Kruskal-Wallis ¼ 43.74 2 , P < 0.001, h 2 ¼ 0.80; Table 5 ). Post hoc analysis showed that the advanced group scored significantly higher than the intermediate group (P ¼ 0.001), which scored higher than the novice group (P < 0.001). Finally, there was also a significant main effect of Table 5 ). Post hoc planned comparisons also indicated that scores were significantly higher among the advanced group as compared with those among the intermediate group (P ¼ 0.011), which scored higher than the novice group (P < 0.001).
When we compared endoscopists with ''competent'' PGA scores (4 or 5) versus ''noncompetent'' PGA scores (1, 2, or 3), the areas under the ROC curve for total GiECAT KIDS , GRS, and CL scores were 0.99 (95% confidence interval [CI], 0.96-1.00), 0.98 (95% CI, 0.95-1.00), and 0.99 (95% CI, 0.97-1.00), respectively. High areas under the ROC curve indicate strong discriminatory performance of the GiECAT KIDS assessment tool.
There was a significant positive correlation (P < 0.001) between GiECAT KIDS scores and number of previous colonoscopies, cecal intubation rate, ileal intubation rate, and PGA of skill ( Table 6) .
As can be seen from Figure 1 , the scatterplot of total GiECAT KIDS scores versus number of previous colonoscopies performed follows the shape of a typical learning curve with rapidly improving performance early in the learning process and flattening out to an asymptote because the rate of improvement slows with experience. Plots of procedure numbers versus GiECAT KIDS GRS and CL scores revealed a similar shape (graphs not shown).
DISCUSSION
The present study establishes the reliability and validity of the GiECAT KIDS , a pediatric-specific assessment tool for colonoscopy, in the context of live procedures. Reliability refers to the consistency or reproducibility of a set of measurements. Interrater reliability reflects the ability of an assessment tool to produce consistent results when an individual is rated by multiple independent assessors at the same time (19) . Although the GiECAT KIDS demonstrated high interrater reliability with all of the values meeting the cutoff of 0.75 that is generally considered to indicate good reliability in educational measurement (20) , interrater reliability for a single rater did not exceed 0.9, which is traditionally considered acceptable high reliability for very-high-stakes assessments such as medical credentialing or licensure examinations that have major consequences for both the examinees and the society (21) . Unreliability of measurement tools generally arises from 3 sources: the patient, the procedure, and the rater (22) . In the present study, the use of different raters for different endoscopists likely reduced interrater reliability as compared with a study design in which the same 2 raters assessed all of the endoscopists. In addition, the attending endoscopists who performed one of the ratings were deliberately not calibrated or extensively trained to reflect conditions normally occurring during training. Rater training and rater practice would likely increase interrater reliability of the GiECAT KIDS , because both have been shown to be effective strategies to improve reliability (22) . Furthermore, interrater reliability was calculated based on a subset of 22 procedures performed by 11 novice and 11 intermediate endoscopists, a factor that may have affected reliability. Test-retest reliability represents consistency in an assessment by the same rater (single measures ICC) or a set of raters (average measures ICC) over time (16) . The test-retest reliability of the GiECAT KIDS was also high, well above the acceptable threshold of 0.8 (18, 23) .
The high internal consistency, and interitem and item-total correlations of the GiECAT KIDS GRS suggest that the 7 items measure a single construct of ''endoscopic competence''; yet the scale assesses diverse dimensions such as technical skill, Ã Correlations significant (P < 0.001). Ã Correlations significant (P < 0.001).
knowledge, and clinical judgment (19) . This is in line with previous research that suggests that assessors have difficulty distinguishing between dimensions of competence (24) . Psychologically, raters may be forming a coherent impression of a learner based on the information they are receiving that influences subsequent clinical judgments (25) . The high degree of correlation between the combined technical, cognitive, and integrative global rating and CL items with their respective scores of overall technical, cognitive, and integrative skills, however, suggests that these indicators act as reliable measures of each respective competency domain (technical, cognitive, integrative), independent of the overall assessment. Construct validity, a core property of a measurement tool, refers to the ability of an assessment method to measure the concept it is intended to measure (26) . Construct validity was examined using both discriminative validity (which reflects whether the measure differentiates differences in skill across groups hypothesized to score differently) and concurrent validity (which reflects the relation of the index with other variables measuring a similar attribute) (26) . Evidence of discriminative validity was demonstrated by statistically significant differences in scores of novice, intermediate, and advanced endoscopists and a strong ability of the GiECAT KIDS tool to discriminate endoscopists who were assigned a PGA rating of ''competent'' against those who were deemed not yet competent. The high correlation of GiECAT KIDS scores with other measures of ''endoscopic competence,'' including self-reported colonoscopy experience, cecal and terminal ileal intubation rates, and PGA of skill, provides psychometric evidence of concurrent validity. The advantage of the GiECAT KIDS , as compared with these other markers of ''endoscopic competence,'' is its ability to identify particular areas of strength and weakness, thus providing trainees with specific targeted feedback.
The GiECAT KIDS was designed for use as both a formative and a summative assessment tool, to monitor the development of an endoscopist's technical, cognitive, and integrative competencies in a standardized manner, throughout training, as he or she progresses from novice through the continuum to competent endoscopist.
Formative assessment is intended to provide feedback to the learner to modify his or her thinking or behavior to improve and shape learning (8) . The present study provides reliability and validity evidence to support use of the GiECAT KIDS in a formative manner throughout training to help identify specific areas of weakness and aid in the provision of targeted feedback. Formative assessment instruments should ideally foster meaningful, timely, task-focused, and goal-oriented feedback (8, 27) , something enabled by the taskspecific nature of the GiECAT KIDS . In addition, procedure-specific direct observation tools, such as the GiECAT KIDS , support competency-based curricular designs because they facilitate the documentation of progress toward identified outcomes and provide a method to gather information necessary to make a case for the competence of a trainee (27) . Although other markers of ''endoscopic competence'' such as terminal ileal intubation rate may reflect ability, they do not provide trainees with targeted feedback. Use of the GiE-CAT KIDS during training would allow endoscopic trainers to better identify specific skills that require attention such as loop reduction, knowledge of the informed consent process, or patient communication skills. Additional studies using aggregate outcome data from large numbers of pediatric endoscopists across North America are required to establish average normal learning curves of endoscopists' GiECAT KIDS scores to define the milestones along the learning curve and generate specific proficiency benchmarks for use in high-stakes summative assessment, certification, and recertification. Establishment of normal learning curves based on aggregated data would allow program directors to plot their fellows on such curves to quickly identify specific skills that are lacking and pinpoint trainees requiring remedial or specialized attention.
The present study had a number of limitations. First, because of the clinical nature of the assessments, it was not possible to blind the raters to the training status of the endoscopists. The GiECAT KIDS GRS anchors were deliberately aligned with the construct of developing clinical independence, a strategy that has shown to improve rater agreement and discrimination among trainees of varying abilities (28) . Although the rating scales have well-defined criteria, the raters may have been biased with the knowledge of the level of training. Future work is planned to assess reliability and validity of the GiECAT KIDS in the context of blinded expert video ratings because this would allow for determination of intrarater reliability and reduce potential bias. Second, clinical performance assessment has been criticized as endoscopists' awareness of being observed may create anxiety and lead to poor performance, resulting in appraisals that may not accurately reflect true performance ability (29) . Finally, validity and reliability evidence is context specific, and thus further validation is required to determine suitability of the GiECAT KIDS for use within the simulated setting. Future work is also planned to compare the psychometric properties of the GiECAT KIDS with colonoscopy assessment tools developed within the adult context, such as the Mayo Colonoscopy Skill Assessment Tool (30) . The GiECAT KIDS assessment tool has several strengths. It is the first procedure-specific colonoscopy assessment tool that has been developed and validated within the pediatric context (12) . Using Delphi methodology, scale items were selected by a panel of North American pediatric endoscopy experts, thus providing content-related validity evidence of the resultant tool and increasing transferability across institutions (15, 31) . The present study provides support for the use of the GiECAT KIDS by demonstrating evidence of the interrater and test-retest reliability and concurrent and discriminative validity of the tool within the clinical setting. In addition, the tool's strong psychometric properties afford evidence for the use of Delphi methodology for the creation of procedural evaluation tools reflective of international practice.
In summary, the present study provides evidence supporting the reliability and validity of the GiECAT KIDS for use by a single physician rater to assess performance of live pediatric colonoscopy within the clinical setting in the context of formative assessment to provide endoscopists with feedback during the course of their training. It has a user-friendly, logical structure and is easily administered within the clinical environment. In addition, it provides trainees with feedback about specific aspects of their performance. Integration of the GiECAT KIDS assessment tool into training has the ability to facilitate the provision of constructive formative feedback, aid in the identification of skills requiring remediation, provide a means to document trainees' progress over time, and help identify learners in difficulty. Before use in veryhigh-stakes assessment, such as credentialing, further research is required to ensure that a higher interrater reliability is achieved with raters who are formally trained. In addition, it is hoped that aggregate data derived from longitudinal use within pediatric gastroenterology training programs across North America can be used to generate average normal learning curves for pediatric endoscopists to help define milestones along the learning curve and aid in the establishment of minimal performance-based standards for competence in pediatric colonoscopy. 
